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SEMICONDUCTOR INTEGRATED CIRCUIT test output signal TOO, whereby the access time of the test 

DEVICE ALLOWING ACCURATE target macro Ml can be evaluated. 

EVALUATION OF ACCESS TIME OF More specifically, when the timing difference is smaller 

MEMORY CORE CONTAINED THEREIN than the access time of the test target macro Ml, it means 

AND ACCESS TIME EVALUATING METHOD 5 that at a timing when latch circuit M3 latches the read data 

selected by selector M2, a correct read data has not yet been 
transmitted, and therefore the read data cannot be output as 

BACKGROUND OF THE INVENTION the test output signal TOO. When the timing difference is 

I?- • equal or longer than the access time of test target macro Ml, 

1. Field ot the Invention ^ latCQ circuit M3 provides tne ^neci read data as the test 
The present invention relates to a semiconductor inte- output signal TOO. 

grated circuit device and, more specifically, to a semicon- in the configuration of the first test circuit in accordance 

ductor integrated circuit device having a test function of with the prior art technique shown in FIG. 30, the influence 

evaluating operation delay time (access time) of a memory of internally generated propagation delay of clock signal 

core contained therein, and to an access time evaluating J5 CLK and test clock signal TCK is not considered, 

method. Therefore, when the access time is evaluated based on the 

2. Description of the Background Art activation timing difference at the time of generation of the 
In a semiconductor integrated circuit device such as ?° ck si & n ^ CLK an * the" test clock signal TCK, a time 

represented by a microprocessor, data I/O width (number of ^ re f DCe betwee ° a first dela y ^ 

parallel bits) has been extended, memory capacitor has been 20 CLK f ™ ex ! ernal input until reccpton by the test target 

increased and operation frequency has been increased, in ™™ M1 and a sl S na dela y of * e te L sl 

order to achieve higher performance. ^CK from external input untd reception by the latch circuit 

t> • 11 nn fw/ • • j , . , , M3 may possibly affect the evaluation of the access time as 

Typically, a DRAMAogic mixed memory having a logic an tmt when ue dm l/Q widU) ^ wid drcuit ^ f 

portion and a DRAM (Dynamic Random Access Memory) selector m wiu be formidable . 

as a memory core mounted together on one same chip has 25 . 

been developed in order to realize wide data I/O widih, to Particularly current trend is to make severe an operation 

cope with those applications that require especially wide «P e « ficatlon of J« ™ory ^core that corresponds to the test 

memory band width such as image processing. In the tar « et macro ' and th f r f> re ^ ^specificaUon value of the 

n n AM/ , ■ m - , . „„ i/n * „ n access time comes to be smaller. When the required access 

D RAM/logic mixed memory, an I/O pin and an external bus, , , ^ . . „ _ . ^ 

„ , • . ? ioA Ron,,™ o —a iul ™ time becomes shorter, the influence of the error resulting 

which existed between a conventional processor and the 30 ... 4 . £ . . , . , 

DRAM are omitted, enabling a configuration capable of data *° m ,he hme d '5 er ^ nce b K etween ,he first ."^f 000 * 1 Sl & il 

transfer with high degree of freedom, and a number of data mentioned above becomes more stgmficant. 

I/O lines capable of simultaneous data input/output to and F,G ^ 15 a block dia g ram rfpresent.ng a configuration of 

from DRAM array portion are provided, realizing wide data a . second ,est c,rcml m accordance with the prior art tech- 

I/O width. 35 m 9 ue - 

For accurate operation of such a semiconductor integrated Referring to FIG. 31 the second test circuit in accordance 

circuit device, it is necessary to accurately evaluate opera- w u ltb the P"° r * tech u mc l ue ^ from me test ™ 

tion delay (access time) of the memory core. Here, as the sb ° wn m 11 FIG - 30 ! n J tha i a multi-input logic gate M4 is 

data I/O width has been increased and the memory comes to additionally provided The multi-input logic gate M4 

have larger capacity, there arises the problem of increased « rec f ,ve ? ^ ad data ®°\ 1° D ° n from lest ta !B?t macro Ml, 

circuit area and the increased test time necessary for testing and a u result °^ loff u cal . ope [ at, , on of th j7 ead data " 

the memory core Accordmgly, the read data having the longest delay time is 

. . .. ' .. ,, , . » i • output, in an equivalent manner, from multi-input logic gate 

As a solution o this problem, a technique of evaluating M4 md , heref , he afea of selectQr M2 ^ be 

the access time of the memory core in a short penod of time Fmb ^ evaluation of |hc access time for each read data 

by a small scale test circuit is disclosed for example, m becomes „ tne time for evaluating the access 

Japanese Patent Laying-Open No. 10-21700. In the , ime caQ be reduced > 

following, the technique disclosed in this laid-open appli- .» iL , A , . . , . , , . , 

•ii u - i c j j * — * * i_ If the second test circuit is to be applied to the logic/ 

cation will be simply referred to as the prior art technique. ~„ . w . , , , y , 

_ . n . „ DRAM mixed memory as described above, however, the 

FIG. 30 is a block diagram representing a configuration of 5Q cifcuit scale of the multi . in t lo ^ c te M4 would be 

a first test circuit in accordance with the prior art technique. large> rorMponding t0 the ^ data I/0 width. Further, the 

Referring to FIG. 30, the first test circuit in accordance reac } data for evaluating the access time is transmitted to 

with the prior art technique includes a test target macro Ml i atcn circuit M3 after the additional process time by multi- 

that corresponds to the memory core, a selector M2 and a mput i og i c g ate M4, and therefore, an error factor is newly 

latch circuit M3. 55 ac jded in addition to the delay difference between the first 

The test target macro Ml starts a reading operation at a and second signals described above. Therefore, highly accu- 

timing in response to a clock signal CLK, and provides read rate evaluation meeting the more severe access time require- 

data DOl to DOn. Selector M2 receives the read data DOl ment is difficult. 

to DOn from test target macro Ml, and outputs one read data it is possible to evaluate the access time of the memory 

corresponding to a select signal SEL to latch circuit M3. 60 core by integrally operating the logic portion and the 

Latch circuit M3 latches, in response to an activation timing memory core in the case of the logic/DRAM (memory core) 

of a test clock signal TCK, an output from selector M2, and mixed memory. More specifically, a test mode is set in that 

provides this as a test output signal TDO. the logic portion operates in response to an output from the 

In the first test circuit in accordance with the prior art DRAM (memory core), and the frequency of an external 

technique, timing difference from an activation timing of 65 clock signal applied to the logic/DRAM mixed memory, 

dock signal CLK until an activation timing of test clock Evaluation can be done by monitoring whether the logic 

signal TCK is changed while monitoring the corresponding portion operates normally or not. 
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By this method, however, it is necessary to increase the 
frequency of the external clock signal to execute highly 
accurate measurement of the access time, and therefore, 
there is a problem that the access time of the memory core 
cannot be evaluated unless a relatively expensive high speed 
tester is used. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semi- 
conductor integrated circuit device capable of accurately 
evaluating an access time of a memory core contained 
therein, and to provide an access time evaluating method. 

In summary, the present invention provides a semicon- 
ductor integrated circuit device including a memory circuit, 
a first signal transmitting path, a first data latch circuit and 
a second signal transmitting path. 

The memory circuit executes a reading operation in which 
a plurality of data are output in parallel. One of the plurality 
of data is transmitted to an internal node. The first signal 
transmitting path transmits a control signal for instructing 
start of the reading operation to the memory circuit. The first 
data latch circuit takes in and holds a signal level of the 
internal node in response to a test timing signal that is 
activated after a prescribed time period from the activation 
of the control signal. The second signal transmitting path 
transmits the test timing signal to the first data latch circuit. 
A signal delay circuit is provided at least in one of the first 
and second signal transmitting paths, so as to make equal the 
signal propagation delay through the first and second signal 
transmitting paths. 

According to another aspect, the present invention pro- 
vides an access time evaluating method for a memory circuit 
contained in a semiconductor integrated circuit device, 
including the steps of: activating a control signal for 
instructing start of a reading operation in which a plurality 
of data are output in parallel, to the memory circuit; trans- 
mitting the activated control signal to the memory circuit; 
after a prescribed time period from the activation of the 
control signal, activating a test timing signal in response to 
a signal activated independent from the control signals; 
transmitting the activated test timing to a latch circuit; 
responsive to activation of the transmitted test timing signal, 
taking and holding in a latch circuit, at least one of the 
plurality of data output from the memory circuit; and further 
delaying at least one of the control signal and the test timing 
signal, and transmitting the delayed one to at least corre- 
sponding one of the memory circuit and the latch circuit. 

According to a still another aspect, the present invention 
provides a semiconductor integrated circuit device including 
a memory circuit, a signal transmitting path, a delay circuit, 
and a data latch circuit. The memory circuit executes a 
reading operation in which a plurality of data are output in 
parallel. The signal transmitting path transmits a control 
signal for instructing start of a reading operation to the 
memory circuit. The delay circuit receives the control signal 
from the signal transmitting path, and generates an internal 
timing signal by delaying the control signal. The data latch 
circuit takes and holds at least one of the plurality of data in 
response to the internal test timing signal. 

According to a still further aspect, the present invention 
provides an access time evaluating method of a memory 
circuit contained in a semiconductor integrated circuit 
device, including the steps of: activating a control signal for 
instructing start of reading to the memory circuit; transmit- 
ting the activated control signal to the memory circuit; 
delaying the control signal by a prescribed time period to 
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generate a test timing signal; and taking and holding at least 
one of the read data from the memory circuit, in response to 
the activation of the test timing signal. 
Therefore, a main advantage of the present invention is 
5 that the signal delay experienced by the control signal can be 
made equal to the signal delay experienced by the test timing 
signal by the signal delay circuit, whereby the access time of 
the memory circuit contained in the device can be evaluated 
accurately. 

10 Further, it is possible to accurately evaluate the access 
time of the contained memory circuit, without the necessity 
of inputting an external signal instructing a latch timing of 
the read data. 

The foregoing and other objects, features, aspects and 
15 advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an influence of the 
signal delay on access time evaluation, in a semiconductor 
integrated circuit device. 

FIG. 2 is a schematic diagram showing an exemplary 
configuration of a latch circuit 70. 

FIG. 3 is a first timing chart illustrating evaluation of an 
access time in a semiconductor integrated circuit device 100. 

FIG. 4 is a second timing chart illustrating evaluation of 
30 an access time in semiconductor integrated circuit device 
100. 

FIG. 5 is a block diagram representing a configuration of 
a semiconductor integrated circuit device 110 in accordance 
with the first embodiment of the present invention. 
35 FIG. 6 is a schematic diagram representing exemplary 
configurations of delay circuits 80 and 85. 

FIG. 7 is a first timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
110. 

40 FIG. 8 is a second timing chart illustrating measurement 
of the access time in semiconductor integrated circuit device 
110. 

FIG. 9 is a flow chart representing the method of evalu- 
ating the access time in accordance with the first embodi- 
45 ment. 

FIG. 10 is a block diagram representing a configuration of 
a semiconductor integrated circuit device 120 in accordance 
with a second embodiment of the present invention. 
5Q FIG. 11 is a first timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
120. 

FIG. 12 is a second timing chart illustrating measurement 
of the access time in semiconductor integrated circuit device 

55 12 °" 

FIG. 13 is a third timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
120. 

FIG. 14 is a block diagram representing a configuration of 
60 a semiconductor integrated circuit device 130 in accordance 
with a third embodiment of the present invention. 

FIG. 15 is a first timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
130. 

65 FIG. 16 is a second timing chart illustrating measurement 
of the access time in semiconductor integrated circuit device 
130. 
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FIG. 17 is a third timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
130, 

FIG. 18 is a block diagram representing a configuration of 
a semiconductor integrated circuit device 140 in accordance 5 
with a fourth embodiment. 

FIG. 19 is a first timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
140. 

FIG. 20 is a second timing chart illustrating measurement 
of the access time in semiconductor integrated circuit device 
140. 

FIG. 21 is a third timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device ^ 
140. 

FIG. 22 is a flow chart representing the access time 
evaluating method in accordance with the fourth embodi- 
ment. 

FIG. 23 is a block diagram representing a configuration of 20 
a semiconductor integrated circuit device 150 in accordance 
with a modification of the fourth embodiment. 

FIG. 24 is a block diagram representing a configuration of 
a semiconductor integrated circuit device 160 in accordance 
with a fifth embodiment of the present invention. 25 

FIG. 25 is a first timing chart illustrating measurement of 
the access time in semiconductor integrated circuit device 
160. 

FIG. 26 is a second timing chart illustrating measurement 30 
of the access time in semiconductor integrated circuit device 
160. 

FIG. 27 is a flow chart illustrating the access time 
evaluating method in accordance with the fifth embodiment. 

FIG. 28 is a block diagram representing a configuration of 35 
a semiconductor integrated circuit device 170 in accordance 
with the fifth embodiment of the present invention. 

FIG. 29 is a schematic diagram showing an exemplary 
configuration of a delay circuit 195. 

FIG. 30 is a block diagram showing a configuration of a 
first test circuit in accordance with the prior art technique. 

FIG. 31 is a block diagram showing a configuration of a 
second test circuit in accordance with the prior art technique. 

DESCRIPTION OF THE PREFERRED 45 
EMBODIMENTS 

In the following, embodiments of the present invention 
will be described in detail with reference to the figures. In 
the figures, the same or corresponding reference characters 50 
denote the same or corresponding portions. 

[Influence of Signal Delay on Access Time Evaluation] 

First, referring to FIG. 1, the influence of the signal delay 
in the semiconductor integrated circuit device on the access 55 
time evaluation will be described. 

Referring to FIG. 1, a semiconductor integrated circuit 
device 100, which is a logic/DRAM mixed memory, 
includes a memory core 50 having the data I/O width of 256 
bits, and a logic portion 60. 6Q 

Semiconductor integrated circuit device 100 further 
includes a data input/output terminal 12, a clock input 
terminal 14, data output terminal groups 16, 18, a test data 
input terminal 20, a test mode input terminal 22, a test signal 
input terminal 24 and a test data output terminal 26. $5 

Semiconductor integrated circuit device 100 further 
includes, corresponding to these terminals, an input buffer 
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32, a clock buffer 34, output buffer groups 36, 38, a test input 
buffer 40, a selector 47 and a signal buffer 44. 

Clock buffer 34 receives an external clock signal EXT_ 
CLK and generates a clock signal CLK. The clock signal 
CLK is transmitted to logic portion 60 and memory core 50. 

Though not shown, at an activation timing of the external 
clock signal EXT_CLK, logic portion 60 takes in command 
control signals, and based on these command control 
signals, generates internal control signals instructing a com- 
mand to memory core 50. In response to an activation edge 
of the clock signal CLK, memory core 50 takes in these 
internal control signals, and executes a command in accor- 
dance with the internal control signals. 

First, data output from memory core 50 will be described. 

When logic portion 60 generates an internal control signal 
reflecting an externally input read command, memory core 
50 takes in the internal control signal at the activation timing 
of the clock signal CLK, and executes a reading operation 
corresponding to the read command. Therefore, the timing at 
which the reading operation starts in memory core 50 is 
defined by the activation timing of the external clock signal 
EXT_CLK and a signal delay generated in the first signal 
transmitting path formed by clock buffer 34 and signal line 
35. 

When the reading operation is executed, memory core 50 
outputs a plurality of data in parallel. In the present 
embodiment, it is assumed that memory core 50 outputs 256 
read data QO to Q255 in parallel. Normally, the read data are 
output as data EXT_Q0 to EXT_Q255 from data output 
terminal group 16 through logic portion 60 and output buffer 
group 36. In the test mode, a test path directly outputting the 
read data to the outside from memory core 50 is formed, and 
the data are output as data DMA_Q0 to DMA_Q255 from 
data output terminal group 18 through output buffer group 
38. 

To test signal input terminal 24, a test timing signal 
EXT__LAT, which is used for measuring AC characteristic 
such as the access time, is externally input. Signal buffer 44 
receives the external test timing signal EXT__LAT, and 
generates a latch timing signal LAT. In the test operation for 
evaluating the access time and the like, the test timing signal 
EXT__LAT and the external clock signal EXT„CLK are, in 
this example, supplied from the outside by a memory tester 
or the like. 

Referring, to FIG. 2, latch circuit 70 includes a transfer 
gate TG10 for transmitting data at an input node D to a node 
Na, an inverter IV10 inverting a signal level at node Na, an 
inverter IV15 inverting an output level of inverter IV10, and 
a transfer gate TG15 transmitting the output signal of 
inverter IV15 to node Na. Transfer gates TG10 and TG15 
turn on/off complementarity, in response to the signal level 
of a timing control node T. 

When the signal level T of the timing control node is at 
the H level, transfer gates TG15 and TG10 turn on and off, 
respectively. Consequently, input node D is disconnected 
from node Na, and as the transfer gate TG15 turns on, 
inverters IV10 and IV15 function as a latch circuit. 
Therefore, latch circuit 70 latches the signal level of input 
node D at the timing when the signal level of timing control 
node T has made a transition to the H level. 

When the signal level T of the timing control node is at 
the H level, transfer gates TG15 and TG10 turn on and off, 
respectively. Consequently, input node D is disconnected 
from node Na, and as the transfer gate TG15 turns on, 
inverters IV10 and IV15 function as a latch circuit. 
Therefore, latch circuit 70 latches the signal level of input 
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node D at the timing when th signal level of timing control 
node T has made a transition to the H level. 

Again referring to FIG. 1, latch circuit 70 receives at the 
input node D, one data Qn (n: integer from 0 to 255) of 256 
read data read in parallel. To the timing control node T, latch 5 
timing signal LAT is input. Therefore, the latch timing of 
latch circuit 70 is defined by the activation timing of test 
timing signal EXT__LAT and the signal delay generated in 
the second signal transmitting path formed by signal buffer 
44 and signal line 45. The output of latch circuit 70 is output 10 
as output data EXT_QnLT from test data output terminal 26 
through signal buffer 46. 

As to the data input, in a normal operation, input data 
EXT_QIN input through data input terminal 12 is written 
through input buffer 32 to memory core 50, by logic portion 15 
60. In the test operation, a test input data TST_DIN input 
from test data input terminal 20 is input through input buffer 
40 to memory core 50. Switching between the normal 
operation and the test operation with respect to the data input 
is made by selector 47, In accordance with the signal level 20 
of the test mode signal TSTMD input to test mode input 
terminal 22, selector 47 transmits data output from either 
one of logic portion 60 and the test input buffer 40 as write 
data to memory core 50. Though data input terminal 12 and 
clock input terminal 14 are each represented by a single pin 25 
for convenience of drawing in FIG. 1, a plurality of data can 
be input in parallel, in the similar manner as in the data 
output. 

Referring to FIG. 3, at time tO, external clock signal 
EXT__CLK is activated by a memory tester or the like, and 30 
a read command for evaluating the access time is taken into 
the semiconductor integrated circuit device 100. The exter- 
nal clock signal EXT_CLK is transmitted as clock signal 
CLK, to memory core 50 through the first signal transmitting 
path formed by clock buffer 34 and signal line 35. At the 35 
clock input node Nc of memory core 50, at a time point tl, 
that is, after the lapse of AtdCLK corresponding to the signal 
delay experienced in the first signal transmitting path from 
time point tO, the clock signal CLK is activated. 

At time tl, the read command is transmitted to memory 
core 50, and the reading operation of memory core 50 starts. 
A data level QOn of the corresponding read data is output at 
time point tr. Here, the time necessary from the start of 
reading operation until the output of the read data, that is, the 45 
time period from tl to tr is defined as the access time tac of 
memory core 50. 

In the following, the data level of each read data read in 
response to the read command for access time evaluation 
will be denoted by the reference character QOn, and data 50 
level of each read data before the input of the read command 
is assumed to be /QOn, which is the data complementary to 
QOn. 

At a time point t2 after the lapse of a test timing difference 
Tdex from the time point tO, the test timing signal EXT_ 55 
LAT is activated by the memory tester or the like. In 
response, at the point Nt corresponding to the timing control 
node of latch circuit 70, the latch timing signal LAT is 
activated at a time point t3, after the lapse of AtdLAT, which 
corresponds to the signal delay over the second signal 60 
transmitting path, from the time point t2. 

At time t3, latch circuit 70 latches the signal level of read 
data Qn. Therefore, as shown in FIG. 3, when the latch 
timing signal LAT is activated at the point Nt before the time 
point tr at which the read data is output, the data level of 65 
latch data QnLAT is /QOn, and the data level QOn corre- 
sponding to the read command input at the time point tO is 
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not output. This means that the timing difference Tdin 
between the activation timing of the clock signal CLK at 
node Nc and the activation timing of the latch timing signal 
LAT at node Nt is shorter than the access time tac. 

Referring to FIG. 4, at time tO, the external clock signal 
EXT_CLK is activated at time tO, the clock signal CLK at 
point Nc is activated at the time point tl and, in response, the 
data level QOn corresponding to the read command appears 
as the read data Qn at the time point tr after the lapse of the 
access time tac, as in the case of FIG. 3. 

In the example of FIG. 4, the time point t2, which is the 
timing of activation of the test timing signal EXT_LAT is 
later than in the example of FIG. 3. More specifically, the 
test timing difference Tdex from the activation of external 
clock signal EXT_CLK by the memory tester or the like 
until activation of the test timing signal EXT_LAT there- 
after is longer than in FIG. 3. The signal delays AtdCLK and 
AtdLAT are the same as those in FIG. 1, and therefore, the 
timing difference Tdin between the clock signal CLK (node 
Nc) and the latch timing signal LAT (node Nd) also becomes 
longer than in FIG. 3. 

FIG. 4 shows the case where the timing difference Tdin- 
tac, and latch circuit 70 can latch the data level QOn 
corresponding to the read command. Therefore, the output 
data QnLAT of latch circuit 70, that is, the data level of test 
output data EXT_QnLT is QOn. Where timing difference 
Tdin>tac, the data level of the test output data EXT_QnLT 
is the same as in the case of FIG. 4. Therefore, behavior of 
the test output data can be classified into two, that is, where 
Tdin<tac (FIG. 3) and where Tdin^tac (FIG. 4). Therefore, 
by changing the timing difference Tdex by using a memory 
tester or the like and by monitoring the corresponding data 
level of the test output data, the access time tac can be 
evaluated. 

When there is a difference between the signal delay 
AtdCLK of the clock signal system and the signal delay 
AtdLAT of the timing signal system shown in FIGS. 3 and 
4, however, the test timing difference Tdex will be different 
from the timing difference Tdin that is to be compared with 
the access time tac actually in the semiconductor integrated 
circuit device. Therefore, when the access time tac is evalu- 
ated based on the externally applied test timing difference 
Tdex, the difference between the signal delay mentioned 
above affects as an error, making it difficult to attain highly 
precise evaluation. 

[First Embodiment] 

Referring to FIG. 5, a semiconductor integrated circuit 
device 110 in accordance with the first embodiment is 
different from semiconductor integrated circuit device 100 
shown in FIG. 1 in that it further includes delay circuits 80 
and 85. Delay circuit 80 is provided on a signal line 35 
between clock buffer 34 and memory core 50. Delay circuit 
85 is provided on a signal line 45 between signal buffer 44 
and latch circuit 70. As will be described in detail later, not 
both of the delay circuits 80 and 85 are necessary, and one 
of these may be omitted as needed. Other components of 
semiconductor integrated circuit device 110 are similar to 
those of the semiconductor integrated circuit device 100, 
and therefore, description will not be repeated. 

Referring to FIG. 6, delay circuit 80 has Nl (Nl: natural 
number) signal buffers. Similarly, delay circuit 85 has N2 
(N2: natural number) signal buffers. The delay times of 
delay circuits 80 and 85 can be adjusted by the number of 
stages Nl and N2 of the signal buffers. 

Measurement of the access time in semiconductor inte- 
grated circuit device 110 will be described with reference to 
FIGS. 7 and 8. 
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Referring to FIG. 7, when external clock signal EXT_ 
CLK is activated and the read command is taken in semi- 
conductor integrated circuit device 110 at time tO, the clock 
signal CLK is activated at the clock input node Nc of 
memory core 50 at time tl, in response. Reading operation 
of memory core 50 starts in response and, at time tr, the read 
data QOn corresponding to the read command is output from 
memory core 50. 

In semiconductor integrated circuit device 110, the time 
difference between the time points tO and tl correspond to 
ATd, which is the sum of the inherent signal delay AtdCLK 
of the clock signal system and the delay time Atdc inten- 
tionally added by delay circuit 80. 

At time t2, the test timing signal EXT_LAT is activated 
at time t2, and, in response, latch timing signal LAT is 
activated at timing control node Nt of latch circuit 70 at time 
t3. 

In semiconductor integrated circuit device 110, the delay 
times of delay circuits 80 and 85 are adjusted such that the 
time difference between the time points t2 and t3, that is, the 
sum of the inherent signal delay AtdLAT of the timing signal 
system and the delay time Atdl intentionally added by delay 
circuit 85, is equal to the time difference ATd between the 
time points tO and tl. 

Therefore, when the signal delay AtdCLK of the clock 
signal system is larger than the signal delay AtdLAT of the 
timing signal system, only the delay circuit 85 may be 
provided, and the number of stages N2 of the signal buffers 
in delay circuit 85 may be adjusted such that AtdLAT (ATd) 
is made equal to the line delay AtCLK of the clock signal 
system. On the contrary, when the signal delay AtdLAT of 
the timing signal system is larger than the signal delay 
AtdCLK of the clock signal system, only the delay circuit 80 
may be provided and the number of stages Nl of the signal 
buffers in delay circuit 80 may be adjusted such that the sum 
of the signal delay AtdCLK and the delay time Atdc of the 
delay circuit is made equal to AtdLAT (ATd). Alternatively, 
the delay circuits 80 and 85 may be both provided for the 
clock signal system and the test signal system and the delay 
times of these circuits may be adjusted such that the differ- 
ence therebetween is minimized. 

In this manner, by adjusting the signal delay of the clock 
signal system (EXT__CLK, CLK) and the signal delay of the 
timing signal system (EXT__LAT, LAT) to be equal to the 
delay time ATd, the difference Tdin in activation timing of 
the clock signal CLK (node Nc) and the latch timing signal 
LAT (node Nt) in semiconductor integrated circuit device 
110 is made equal to the externally set test timing difference 
Tdex. Accordingly, it becomes possible to directly and 
accurately measure the access time tac of memory core 50 
using the external signal timing difference Tdex. 

FIG. 7 shows an example in which Tdex (~Tdin)<tac, 
representing the result of measurement when the test timing 
difference Tdex is shorter than the access time tac. Here, the 
data level QOn corresponding to the read command is not 
output as test output data EXT_QnLT 

FIG. 8 shows an example in which Tdex («Tdin)=tac. 
Here, latch circuit 70 latches read data Qn at time t3 when 
latch timing signal LAT is activated, and therefore test 
output data EXT_QnLT provides the data level QOn cor- 
responding to the read command input at time point tO. 
When Tdex («Tdin)>tac, the data level of test output data 
EXT_QnLT is the same as in the example of FIG. 8, and 
therefore, behavior of the test output data can be classified 
into two, that is, when Tdex (-Tdin)<tac (FIG. 7) and when 
Tdex (-Tdin)^tac (FIG. 8). 
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Therefore, by changing the test timing difference Tdex by 
a memory tester or the like and by monitoring the data level 
of the corresponding test output data, the access time tac can 
be directly and accurately evaluated. More specifically, 

5 when the test timing difference Tdex is changed gradually, 
the minimum test timing difference Tdex at which the test 
output data such as shown in FIG. 8 can be obtained 
corresponds to the access time tac of memory core 50. 
Further, when the test timing difference Tdex is set to a 

10 standard value of the access time of memory core 50, it 
becomes possible to readily determine whether the memory 
core 50 satisfies the standard value of the access time, by 
monitoring the corresponding test output data. 
Referring to FIG. 9, in the method of evaluating the access 

15 time in accordance with the first embodiment, when the 
evaluation test of the access time starts (step S100), the 
external clock signal EXT_CLK is activated to take in the 
read command generated for access time evaluation into the 
semiconductor integrated circuit device 110 (step S110). 

20 Based on the external clock signal EXT_CLK, the clock 
signal CLK is generated and transmitted to the memory core 
(step S120), and in response to the activation of the clock 
signal CLK, reading operation of the memory core 50 starts 
(step S130). 

25 After the lapse of the test timing difference Tdex from the 
activation of external clock signal EXT_CLK (step 110), 
the test timing signal EXT_LAT is activated (step S140). 
Based on the test timing signal EXT_LAT, the latch timing 
signal LAT is generated and transmitted to latch circuit 70 

30 (step S150). At the timing when the latch timing signal LAT 
is transmitted to latch circuit 70, latch circuit 70 latches the 
data level from memory core 50 (step S160). 

By further intentionally delaying at least one of the clock 
signal system (EXT_CLK, CLK) and the timing signal 

35 system (EXT__LAT, LAT) (step S200), the signal delay 
between these two signal systems is made equal. More 
specifically, the time taken from step S110 to S130 and time 
taken from steps S140 to 160 are both adjusted to be the 
same value of ATd. 

40 

When the signal delay AtdCLK of the clock signal system 
is larger than the signal delay AtdLAT of the timing signal 
system, only the step S220 may be performed so that ATd is 
made equal to the line delay AtdCLK of the clock signal 

45 system. Conversely, when the signal delay AtdLAT of the 
timing signal system is larger than the signal delay AtdCLK 
of the clock signal system, only the step S210 may be 
performed so that the sum of the signal delay AtdCLK and 
the delay time Atdc of the delay circuit is made equal to 

5Q AtdLAT (-ATd). Alternatively, both steps S210 and S220 
may be performed such that the difference between the delay 
times of this two signal systems is minimized. 

In this manner, by making equal the signal delays of the 
two signal systems, it becomes possible to directly evaluate 

55 the access time tac from the test timing difference Tdex, by 
providing the data level of the read data latched in latch 
circuit 70 (step S170), and to complete the access time 
evaluation test (step S190). 
[Second Embodiment] 

60 Referring to FIG. 10, a semiconductor integrated circuit 
device 120 in accordance with the second embodiment of 
the present invention is characterized in that a plurality of 
read data from memory core 50 are output through the latch 
circuit. FIG. 10 shows an example in which two read data 

65 are the object of access time evaluation. Semiconductor 
integrated circuit device 120 differs from the semiconductor 
integrated circuit device 110 shown in FIG. 5 in that it 
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further includes a latch circuit 75, a test output buffer 48 and 
a test data output terminal 28, provided corresponding to 
another 1 bit of the read data from memory core 50. FIG. 10 
shows, as an example, a configuration in which latch circuit 
75 is newly provided for read data Q255. 

Latch circuit 75 receives read data Q255 at an input node 
D, and is controlled by the latch timing signal LAT common 
to latch circuit 70. Test output buffer 48 transmits an output 
of latch circuit 75 to test output pin 28, and test output data 
EXT_Q255LT is generated at test output pin 28. 

Here, measurement of the access time can be done 
efficiently, by selecting two read data having the fastest and 
the slowest access times as the objects of test outputs from 
the memory core 50 through the latch circuits. More 
specifically, dependent on the difference in interconnection 
path of data lines in the memory core and the like, it is 
possible to expect those having the fast access time and 
those having slow access time among read data Q0 to Q255 
through a simulation or the like in the stage of designing. 
Therefore, read data that is expected to have the fastest 
access time and the read data that is expected to have the 
slowest access time in the stage of designing may be selected 
as the objects of test output. In the description below, it is 
assumed that read data Q255 is the data having the fastest 
expected access time, and read data Qn is the data having the 
slowest expected access time. 

Measurement of the access time in semiconductor inte- 
grated circuit device 120 will be described with reference to 
FIGS. 11, 12 and 13. 

Referring to FIG. 11, when external clock signal EXT_ 
CLK is activated and the read command is taken in semi- 
conductor integrated circuit device 120 at time tO, the clock 
signal CLK is activated at clock input node Nc of memory 
core 50 at time tl in response. The reading operation of 
memory core 50 starts in response, and at time points tra and 
trb, the data level QOn corresponding to the read command 
appear as read data Q255 and Qn, respectively. Therefore, 
the access time corresponding to the read data Q255 is 
represented as tac255, and the access time corresponding to 
read data Qn is represented as tacn. 

At time point t2, test timing signal EXT_LAT is 
activated, and at time point t3 after ATd, the latch timing 
signal LAT is activated at the timing control node (Nt) of 
latch circuits 70 and 75. The signal levels of data Qn and 
Q255 at time point t3 are latched as latch data QnLAT and 
Q255LAT by latch circuits 70 and 75, respectively, and 
output as test output data EXT_QnLT and EXT_Q255LT, 
respectively. 

As already described with reference to the first 
embodiment, by the function of at least one of the delay 
circuits 80 and 85, the signal delay of the clock signal system 
and the signal delay of the timing signal system are adjusted 
to ATd, and therefore, it is possible to directly evaluate the 
access time of memory core 50 based on the test timing 
difference Tdex. 

FIG. 11 shows an example where Tdex (=Tdin)<tacn and 
Tdex (=Tdin)<tac255. In this example, data levels of latch 
data Q255LAT and QnLAT do not change from /QOn. 

FIG. 12 shows an example in which Tdex (=Tdin)-tac255 
and Tdx (-Tdin)<tacn, by varying the external signal timing 
difference Tdex. In this example, the level of latch data 
Q255LAT changes from /QOn to the data level QOn corre- 
sponding to the read command, while the data level of latch 
data QnLAT does not change from /QOn, 

When the latch data QnLAT and Q255LAT monitored by 
test output data EXT_QnLT and EXT_Q255LT exhibit 
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such a behavior as shown in FIG. 12, it means that the test 
timing difference Tdex is longer than the access time tac255 
for the read data which can be accessed fastest, while it is 
shorter than the access time tacn for the read data having the 

5 slowest access. 

FIG. 13 shows an example in which the test timing 
difference Tdex is further increased so that Tdex (=Tdin)= 
tacn and Tdex (=Tdin)>tac255. In this example, data levels 
of latch data Q255LAT and QnLAT both change to the data 

10 level QOn corresponding to the read command. When the 
latch data QnLAT and Q255 LAT monitored by test output 
data EXT_QnLT and EXT_Q255LT exhibit such a behav- 
ior as shown in FIG. 13, it means that the test timing 
difference Tdex is not shorter than the access time tacn for 

15 the read data having the slowest access. 

In this manner, the access time evaluation described with 
reference to the first embodiment can be applied to a 
plurality of read data. Though a configuration in which the 
access time of two read data is evaluated has been described, 

20 it is possible to evaluate access time for an arbitrary number 
of read data, by providing additional latch circuits. 

Further, by determining a read data to be the object of 
evaluation in accordance with the access time expected in 
the designing stage, it is possible to effectively evaluate 

25 access time of the memory core providing a plurality of read 
data in parallel. 

A read data to be the object of evaluation may be 
determined in the similar manner in the above described first 

„„ embodiment. 

30 

[Third Embodiment] 

Referring to FIG. 14, a semiconductor integrated circuit 
device 130 in accordance with a third embodiment of the 
present invention is different from the semiconductor inte- 

35 grated circuit device 110 shown in FIG. 5 in that a data 
comparing circuit 90 is further provided. Data comparing 
circuit 90 compares two of the data output from memory 
core 50, that is, Qn and Q255 as representative examples in 
FIG. 13, and provides the result of comparing data levels as 

4Q the comparison result signal CMP. When the signal levels of 
read data Qn and Q255 are the same, data comparing circuit 
90 sets the comparison result signal CMP to the H level, and 
when the signal levels are different, sets the comparison 
result signal CMP to the L level. 

45 The comparison result signal CMP output from data 
comparing circuit 90 is transmitted to an input node D of 
latch circuit 70. The configuration and operation of other 
portions of semiconductor integrated circuit device 130 
including latch circuit 70 are the same as described above, 

50 and therefore, description will not be repeated. The read data 
Qn and Q255 as the objects of data comparison are also 
described above, and therefore, repeated description will not 
be given. 

Access time measurement in semiconductor integrated 
55 circuit device 130 will be described with reference to FIGS. 
15, 16 and 17. 

Referring to FIG. 15, when external clock signal EXT_ 
CLK is activated and the read command is taken in semi- 
conductor integrated circuit device 130 at time tO, the clock 
60 signal CLK is activated at clock input node Nc of memory 
core 50 at time tl, in response. The reading operation of 
memory core 50 starts in response, and the read data level 
QOn corresponding to the read command appear at read data 
Q255 and Qn at time points tra and trb (not shown). 
65 "Therefore, the access time corresponding to read data Q255 
is represented as tac255 and the access time corresponding 
to read data Qn is represented as tacn. 
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Accordingly, the signal level of the comparison result 
signal changes from H level to L level and from L level to 
H level, respectively, at time points tra' and trb', respectively. 
The time difference between the time points tra and trb 
where the read data corresponding to the read command 
appears and the time points tra' and trb' at which the signal 
level of the comparison result signal changes corresponds to 
the comparing operation time Atcmp of data comparing 
circuit 90. 

At time t2, test timing signal EXT_LAT is activated and 
at time point t3 after ATd, latch timing signal LAT is 
activated at the timing control node (Nd) of latch circuit 70. 
The signal level of the comparison result signal CMP at time 
point t3 is latched by latch circuit 70 and provided as test 
output data EXT_QLT. 

FIG, 15 shows an example in which Tdex (=Tdin) 
<tac255+ Atcmp and Tdex (»Tdin)<tacn+ Atcmp. After the 
time point t2 at which the test timing signal is activated, the 
data level of test output data EXT__QLT is not changed but 
maintained at the H level. 

FIG. 16 shows an example in which the test timing 
difference Tdex is adjusted so that Tdex (=Tdin)=tac255+A 
temp and Tdex (=Tdin)<tacn+Atcmp. In this case, the data 
level of test output data EXT__QLT changes from the H level 
to the L level after time point t2, and the L level is 
maintained thereafter. 

FIG. 17 shows an example in which the test timing 
difference is further enlarged so that Tdex (=Tdin)>tac255+ 
Atcmp and Tdex (=Tdin)=tacn+Atcmp. Here, the data level 
of the test output data EXT_QLT once changes to the L 
level at time point tra' after the time point t2, and returns to 
the H level at time trb' (t3) and thereafter, maintained at the 
H level. 

In latch circuit 90, three or more data may be compared 
with each other. 

In this manner, in semiconductor integrated circuit device 
130, it is possible to execute access time evaluation of a 
plurality of read data by monitoring a smaller number of test 
output data. Therefore, it becomes possible to reduce the 
number of pins used at the time of access time evaluation 
and to increase the number of memory cores which can be 
evaluated simultaneously in parallel. 

Further, there is an additional effect that as compared with 
the semiconductor integrated circuit device 120, access time 
evaluation of a plurality of read data can be executed by a 
latch circuit provided commonly. 

In the configuration of semiconductor integrated circuit 
device 130, an access time including the process time Atcmp 
of data comparing circuit 90 is evaluated. When the number 
of data as the object of evaluation is limited in accordance 
with the access time evaluated in the design stage, for 
example, by using two read data having the fastest and 
slowest expected access time as the object of evaluation, the 
process time Atcmp can be made short. 

Alternatively, by taking into account the process time 
Atcmp in the delay circuit 85, it becomes possible to 
evaluate the access time not including the process time 
Atcmp. 

[Fourth Embodiment] 

Referring to FIG. 18, a semiconductor integrated circuit 
device 140 in accordance with the fourth embodiment differs 
from the semiconductor integrated circuit device 120 shown 
in FIG. 10 in that it further includes a data comparing circuit 
90 comparing outputs of latch circuits 70 and 75. Data 
comparing circuit 90 outputs as a comparison result signal 
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CMP, the result of comparison between latch data QnLAT 
and Q255LAT latched by latch circuits 70 and 75, respec- 
tively. When read data Qn and Q255 are of the same signal 
levels, the comparison result signal CMP is set to the H 

5 level, and when the signal levels are different, the compari- 
son result signal CMP is set to the L level. 

As the data comparing circuit 90 is provided, semicon- 
ductor integrated circuit device 140 provides not the outputs 
of latch circuits 70 and 75 but only the result of comparison 

10 therebetween the two as test output data EXT_CMP from 
test data output terminal 26. 

Configuration and the operation of other portions of 
semiconductor integrated circuit device 140 are the same as 
those of semiconductor integrated circuit device 120 shown 

15 in FIG. 10, and therefore, description thereof will not be 
repeated. 

By such a configuration, it becomes possible to reduce the 
number of pins used at the time of access time evaluation 
2Q and to increase the number of memory cores that can be 
evaluated simultaneously in parallel. 

Access time measurement in semiconductor integrated 
circuit device 140 will be described with reference to FIGS. 
19, 20 and 21. 

25 Referring to FIG. 19, latch data QnLAT and Q255LAT 
output from latch circuits 70 and 75 in response to the 
external clock signal EXT_CLK and test timing signal 
EXT__LAT are the same as those of FIG. 11, and therefore, 
description thereof will not be repeated. 

30 In semiconductor integrated circuit device 140, data com- 
paring circuit 90 is provided in a succeeding stage of latch 
circuits 70 and 75. Therefore, different from the third 
embodiment, the process time Atcmp of data comparing 
circuit 90 does not have any influence on the evaluation of 

35 the access time based on the test timing difference. 
Therefore, the access time can be evaluated directly and 
accurately based on the test timing difference Tdex. 

FIG. 19 shows an example in which Tdex (=Tdin)<tacn 
and Tdex (=Tdin)<tac255, and after the time point 12 at 

40 which test timing signal EXT__LAT is input, the test output 
data EXT_CMP is not changed but kept at H level. 

FIG. 20 shows an example in which the external signal 
timing difference Tdex is changed so that Tdex (=Tdin)= 

45 tac255 and Tdex («Tdin)<tacn. In this example, the data 
level of test output data EXT_CMP changes from H level 
to the L level after the time point t2, and the L level is 
maintained thereafter. When the test output data EXT__CMP 
exhibits such a behavior as shown in FIG. 20, it means that 

5Q the test timing difference Tdex is longer than the access time 
tac255 corresponding to the read data which can be accessed 
fastest, but it is shorter than the access time tacn for the read 
data of the slowest access. 

FIG. 21 shows an example in which the test timing 

55 difference Tdex is further increased so that Tdex (=Tdin)- 
tacn and Tdex («Tdin)>tac255. Here, the data level of the 
test output data EXT_CMP is once changed to the L level 
after the time point t2, and returns to the H level after time 
point trb (t3), and maintained at the H level thereafter. When 

60 the test output data EXT_CMP exhibits such a behavior as 
shown in FIG. 21, it means that the test timing difference 
Tdex is not shorter than the access time tacn for the read data 
of the slowest access. 

By this configuration, it becomes possible to execute 

65 access time measurement similar to that described with 
reference to the second embodiment with the number of data 
requiring monitoring reduced. Thus, the number of pins 
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necessary at the time of access time measurement is reduced, 
and therefore, the number of semiconductor integrated cir- 
cuit devices of which access time can be measured simul- 
taneously in parallel can be increased. 

Referring to FIG. 22, in the method of evaluating access 
time in accordance with the fourth embodiment, execution 
of the steps from the start of access time evaluation test (step 
S110) until the latch timing signal LAT is transmitted to the 
latch circuit (step S150) and the execution of the step for 
adjusting the signal delays of the clock signal system 
(EXT_CLK, CLK) and the timing signal system (EXT_ 
LAX, LAT) to be the same (step S200) are the same as 
described with reference to FIG. 9. Therefore, detailed 
description will not be repeated. 

At the timing when the latch timing signal LAT is 
transmitted to latch circuit 70, latch circuit 70 latches the 
data level of the read data output from memory core 50. In 
the access time evaluating method in accordance with the 
fourth embodiment, the latch timing signal LAT is transmit- 
ted simultaneously to a plurality of latch circuits arranged in 
parallel, and the latch circuits latch a plurality of read data 
(step S160'). The plurality of latched read data are compared 
by data comparing circuit 90 (step S180). By externally 
extracting and evaluating the comparison result signal CMP 
generated by data comparing circuit 90 as the test output 
data (step S 185), it becomes possible to reduce the number 
of test output data to be monitored and to complete access 
time evaluation test (step SI 90). 

[Modification of the Fourth Embodiment] 

Referring to FIG. 23, a semiconductor integrated circuit 
device 150 in accordance with a modification of the fourth 
embodiment differs from the semiconductor integrated cir- 
cuit device 140 shown in FIG. 17 in that delay circuits 80 
and 85 are not provided. Except this point, the device is the 
same as semiconductor integrated circuit device 140, and 
therefore, description thereof will not be repeated. 

As already described, in the configuration of the semi- 
conductor integrated circuit device in accordance with the 
fourth embodiment, as the data comparing circuit is 
arranged in a succeeding stage of the latch circuit, evaluation 
of the access time of a plurality of read data can be executed 
with high accuracy. Therefore, when the difference between 
the inherent signal delay AtdCLK of the clock signal system 
and the inherent signal delay AtdLAT of the test signal 
system related to the latch timing described above is suffi- 
ciently small, it is possible to measure the access time with 
high accuracy by the configuration of semiconductor inte- 
grated circuit device 150, without the necessity of providing 
delay circuits 80 and 85. 

[Fifth Embodiment] 

Referring to FIG. 24, a semiconductor integrated circuit 
device 160 in accordance with the fifth embodiment differs 
from the semiconductor integrated circuit device 110 shown 
in FIG. 5 in that it is unnecessary to externally input the test 
timing signal EXT__LAT for designating the data latch 
timing. Therefore, corresponding test signal input terminal 
24, signal buffer 44 and signal line 45 are unnecessary. 
Further, in place of delay circuits 80 and 85, only the delay 
circuit 95 is provided between the clock input node Nc of 
memory core 50 and the timing control node Nt of latch 
circuit 70. Delay circuit 95 delays the clock signal CLK 
transmitted to clock input node Nc of the memory core 50, 
and transmits the clock signal CLKD to timing control node 
Nt of latch circuit 70. 

Access time measurement in semiconductor integrated 
circuit device 160 will be described with reference to FIGS. 
25 and 26. 
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Referring to FIG. 25, when EXT_CLK is activated at 
time tO, the clock signal CLK rises at the clock input node 
Nc of memory core 50 at a time point tl after the line delay 
AtdCLK of the clock signal system. 

5 Further, at a time point t5 after the delay time Tdly of 
delay circuit 95 from the time point tl, the clock signal 
CLKD rises at the timing control node Nt of latch circuit 70. 
In response, latch circuit 70 latches the read data Qn from 
memory core 50. Therefore, in the semiconductor integrated 

io circuit device 160, it is possible to determine which of the 
delay time Tdly set in delay circuit 95 and the access time 
tac of memory core 50 is longer or shorter, by monitoring the 
test output data EXT_QnLT. 
FIG. 25 shows an example in which Tdly<tac, and before 

15 the data level QOn corresponding to the read command 
appears at read data Qn, the clock signal CLKD is activated, 
and therefore the data level of test output data EXT_QnLT 
as the output of latch circuit 70 is not changed from /QOn. 

20 FIG. 26 shows an example in which Tdly =tac. At the 
activation timing of clock signal CLKD, the data level QOn 
corresponding to the read command appears at the read data 
Qn, and therefore the data level of test output signal EXT_ 
QnLT changes from /QOn to QOn. When Tdly>tac, the data 

25 level of test output data EXT_QnLT is the same as in the 
example of FIG. 26. Therefore, the behavior of the test 
output data can be classified into two, that is, when Tdly<tac 
(FIG. 25) and when Tdly^tac (FIG. 26). 
When the delay time Tdly of delay circuit 95 is set at the 

30 standard value of the access time of memory core 50, it is 
possible to readily determine whether the memory core 50 
satisfies the standard value of the access time, by the data 
level of test output dta EXT_QnLT. 

By this configuration, it becomes possible to execute 

35 access time measurement without the necessity of externally 
inputting a timing signal for the test. 

Accordingly, the number of input signals necessary for the 
test can be reduced and circuit group corresponding to such 
signals can be reduced. Therefore, the effect such as efficient 

40 operation test of access time evaluation and reduced circuit 
area can be attained. 

Referring to FIG. 27, in the method of evaluating access 
time in accordance with the fifth embodiment, when the 
access time evaluation test starts (step S100), the external 

45 clock signal EXT_CLK is activated in order to take the read 
command generated for access time evaluation into the 
semiconductor integrated circuit device 110 (step S110). 
Based on the external clock signal EXT__CLK, the clock 
signal CLK is generated and transmitted to the memory core 

50 (step S120) and, in response to the activation of clock signal 
CLK, reading operation of the memory core 50 starts (step 
S130). 

Delay circuit 95 further delays the clock signal CLK 
55 transmitted to the memory core by Tdly, and generates a 
clock signal CLKD for designating a latch timing (step 
S250). In response to the activation timing of clock signal 
CLKD, latch circuit 70 latches the data level of the read data 
output from memory core 50 (step S160). When the data 
6Q level of the read data latched by latch circuit 70 is output and 
evaluated (step S170), it becomes possible to complete 
access time evaluation test, by comparing the delay time 
Tdly of delay circuit 95 and access time tac. 
[Modification of the Fifth Embodiment] 
65 Referring to FIG. 28, a semiconductor integrated circuit 
device 170 in accordance with a modification of the fifth 
embodiment differs from the semiconductor integrated cir- 
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cuit device 160 shown in FIG. 24 in that in place of delay a first signal transmitting path transmitting a control 

circuit 95, a delay circuit 195 is provided. Configurations signal designating start of said read operation to said 

and operations of other components are the same as those of memory circuit; 

semiconductor integrated circuit device 160, and therefore, a first data latch circuit responsive t0 a tes t timing signal 

description thereof will not be repeated. 5 aftef a prescribed dme period from activation 

Delay circuit 195 is different from delay circuit 95 shown of ^ control signal, for taking in and holding a signal 

in FIG. 24 in that it is possible to change the delay time Tdly level of aid j nt ernal node; 

by a control signal CDL. . 

n - - „ rt , , . rt « , a second signal transmitting path transmitting said test 

Referring to FIG. 29 delay arcuit 195 includes V (m: timin si * na , to said latch 

natural number) signal buffers connected in series and ...... ... ,. . . „ 

receiving the clock signal CLK from clock input node Nc of a S1 8° al dela y circuit , arran S ed m at lea f l one of sa,d firsl 

memory core 50, and a selector 197 for selectively providing and signal transmitting paths so as to align 

respective outputs of 2 m signal buffers. sl S" al P ro P a g atl ° n . dela y s ln 831(1 first ™d »*»nd agnal 

_ , . „ „ . transmitting circuits. 

Selector 197 receives respective outputs of 2 signal „ 2 ^ semiconductor integrated circuit device according 

buffers, executes 2 : 1 selection, and generates the clock t0 c j a j m j wherein 

signal CLKD. The 2 m : 1 selection in selector circuit 197 is . , ,' , . , , ,. 

executed in accordance with an externally input control said at one ° f said P 1 "^ <* da » a » determined m 

signal CDL. Here, assuming that the control signal CDL is accordance with expected time necessary for said read 

a m-bit digital signal, it is possible to provide an output of ?n 0 ? eraU ° D based ° n a . ! a y, ou * des, g? ° f said memorv 

one of the 2" signal buffers connected in series as a clock 20 , f ° r ea f h ° f ? aid plur f ty ° f 

signal CLKD from delay circuit 195. 3 , The semiconductor integrated circuit device according 

„ , . „ ... , , , , to claim 1, further compnsing second to Nth data latch 

By this configuration, it is possible to change the delay circuits nsive to said test timi si ls received from 

time Tdly of delay circuit 195. Therefore, it becomes pos- said si al transmitting drcuit> for taking m and 

sible to measure the access time by monitoring the signal 25 holdi olhef (N _ 1} ^ Q ^ numbef nQt smaUer thaQ 2) 

level of the output test signal EXT_QnLT, while changing data of gaid plurality of data 

the control signal CDL. 4 The semiconductor integrated circuit device according 

Though memory core 50 included in semiconductor inte- t0 c i a im 3, wherein 

grated circuit devices 110 to 170 is described as a synchro- N is 2* and 

nous type memory core operating in response to the external 30 V , 

clock signal EXT_QLK, application of the present inven- one ano,her ° ne of said P luraht y of data m deter " 

tion is not hmited to evaluation of the access time of the m »f d " *<*™<*™<x with expected tune necessary for 

synchronous memory core. More specifically, by applying read °P«ation based on a layout design of said 

control signals such as the row address strobe signal /RAS . ° emor y Clrc " 11 for each of ^ ld P lura ! ,l y. of da,a ' 

and column address strobe signal /CAS in place of the 35 5 ; The semiconductor integrated circuit device according 

external clock signal EXT_QLK, the configuration of the ,0 claun 3 > &rt ^ r compnsing a data comparing arcmt for 

present invention can be applied to a non^ynchronous «»»P«»g «sult of comparison between each of said phi- 

!_._,„, rauty of data held in said first to Ntb data latch circuits, 

memory core. . , . ..... 

„ , , _ , , 6. The semiconductor integrated circuit device according 

Further, the external clock signal EXT_CLK and the test , 0 daim 5 wherein 

timing signal EXT_LAT have been described as supplied 40 

from the outside of the semiconductor integrated circuit ~ * an 

devices 110 to 170, a BIST (Built in Self Test) circuit may one and another one of said plurality of data are deter- 

be included in the semiconductor integrated circuit device, mined in accordance with expected time necessary for 

and these signals may be generated by the BIST circuit. In said read operation based on a layout design of said 

that case, the present invention may be applied, considering 45 memory circuit for each of said plurality of data, 

the signal delay between the BIST circuit and the memory 7. The semiconductor integrated circuit device according 

core to be evaluated. t0 claim 1> further comprising 

Though access time measurement has been described as a a data comparing circuit arranged between said memory 

representative in the first to fifth embodiments, the configu- circuit and said first data latch circuit, for outputting, to 

ration of the present invention is not limited to the mea- 50 said internal node, result of comparison between one 

surement of the access time, and other AC characteristic of and °f n er M (M: natural number) of said plurality of 

memory core 50 may be measured by appropriately chang- data hnes. 

ing the activation timings of control signals defining the 8 - Trie semiconductor integrated circuit device according 

latch timing and the data input to the latch circuit. to claim 7, wherein 

Although the present invention has been described and M is 1; and 
illustrated in detail, it is clearly understood that the same is one and another one of said plurality of data are deter- 
by way of illustration and example only and is not to be mined in accordance with an expected time necessary 
taken by way of limitation, the spirit and scope of the present for said read operation based on a layout design of said 
invention being limited only by the terms of the appended 6Q memory circuit, for each of said plurality of data, 
claims. 9. The semiconductor integrated circuit device according 

What is claimed is: to claim 1, wherein 

1. A semiconductor integrated circuit device, comprising: said prescribed time period is set in accordance with a 

a memory circuit executing a read operation in which a standard value of an access time of said memory 

plurality of data are output in parallel, at least one of 65 circuit. 

said plurality of data being transmitted to an internal 

node; ***** 
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